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(54)r,tl^: T CELL EPITOPES OF RYEGRASS POLLEN ALLERGEN 



(57) Abstract 



The present invention provides isolated peptides of Ul p V, a major protein allergen of the species U^lium pcrcnnc V cr- 
apcuiic peptides withm the scope of the invention comprise at least on T cell epitope, or preferablv jx least two T cell epitope." of 
a proicin allergen Lot p V. Diagnostic peptides within the scope of the invention bind IgH. The invention also provides modir,- i 
ed peptides having similar or enhanced therapeutic properties as the corresponding, naturally-occurring allergen or ponion therc- 
o . but having reduced side effeas. The invention further provides nucleic acid sequences coding for peptides of the invention 1 
Methods or ircatmcm or diagnosis of sensitivity to Lol p V or an allergen immunologically related to Lolpy^^^ an individual i 
Therapeutic compositions comprising one or more peptides of the invention arc also provided. 
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T CELL EPITOPES OF RYEGRASS POLLEN ALLERGEN ^ 

Bacicwmiind of thi> tnvfntiTm; 

Allergens constitute the most abundant Rroteins of grass pollen, which 
is the major cause of allergic disease in temperate climates (Marsh (1975) 
AUergens and the genetics of allergy: in M. Sela (ed). The Antigens. Vol. 3. pp 
27 1-359. Academic Press Inc.. London. New York).. Hill ci al- (197;^) 
Medical Journal of Australia i. 426-429). The first descriptions of the 
aUergenic proteins in ryegrass showed that they are immunochcmically 
distinct, and are known as groups I. II. Ill and IV (Johnson and Marsh ( 1965) 
Nature, m 9.^5-942; and Johnson and Marsh ( 1966) Immunochcmistry 2. 
91-100). Using the International Union of Immunological Societies' (lUIS) 
nomenclature, these allergens are designated Lolpl. Lol p II. Lol p Ul and 
Lolp IV. In addiUon. another important Lolium prenne L allergen which has 
been identified in the Utcraturc isLolpV also known as Lolp IX or Lol p lb 
(Singh etal. (1991) Proc. Natl Acad. Set. USA. 88:1384-1388. Suphioglu. et 
al. 1992. Lancet 339: 569-572. 

These five proteins have been identified in pollen ryegrass. Lolium 
perenne L. and act as allergens in triggering immediate (Type 1 ) 
hypersensitivity in susceptible humans. 

Lolp V is defmed as an allergen because of its ability to bind to 
specific IgE in sera of ryegrass-sensitive patients, to act as an antigen in leG 
responses and to trigger T-ccU responses. The allergenic properties have been 
demonstrated by immunoblotting studies showing 8095^^ of ryegrass poUen 
sensitive pauents possessed specific IgE antibody that bound xoLolpW 
isoforms (PCT applicaton publication no. WO 93/04 1 74. page 65). These 
results indicate that Lolp Vis a major ryegrass allergen. 

Substantial allergenic cross-reactivity between grass pollens has been 
demonstrated using an IgE-binding assay, the radioallergo-sorbent test 
(RAST). for example, as described by Marsh oj ^i. ( 1970) J. Allergy. 4i^. 1 07- 
121. and Lowenstein (1978) Prog. Allergy. 25. 1-62. (Karcer. Basel). 

The immunochemical relationship oiLolpV with other grass pollen 
antigens have been demonstrated using both polyclonal and monoclonal 



wo 94/04564 



PCT/AU93/00415 



10 



IS 



:5 



30 



antibodies (Zhang et al.. In, Arch Allergy Appl Immunol. 96:28-34 ( 1991 ): 
Roberts et al.. Int Arch Allergy Appl Immunol. 98:178-180 ( 1992): and ^ 
Mattheisen and Uwenstein. Clinical and Experimental Allergy, 21:309-320 
(1991). Antibodies have been prepared to purified proteins that bind IgE 
components. TTiese data demonstrate that a major allergen is present in pollen 
of closely related grasses is immunochemically similar ioLolp\ and are 
generally characterized as Group V allergens. 

Summary ofthg Tnvpnriffn 

The present invention provides isolated peptides of Lol p V. 
Pepudes to be used therapeutically within the scope of the invention 
comprise at least one T cell epitope, preferably at least two T cell 
epitopes of Lol p V. The invention further provides peptides 
comprising at least two regions, each region comprising at least one T 
cell epitope of I^/pV. Peptides of the invention to be used for . 
diagnosUc purposes are capable of binding IgE and comprise at least 
one B cell epitope. 

The invention also provides modified peptides having similar or 
enhanced therapeutic properties as the corresponding, naturally- 
occurring allergen or portion thereof, but having reduced side effects, 
as weU as modified peptides having improved p.operties such as 
increased solubility and subility. Therapeutic peptides of the invention 
are capable of modifying, in a Lo/p V-sensiuve individual to whom they 
are administered, the allergic response of the individual loLolpV or an 
allergen immunologically cross-reactive Lol p V. 

Methods of treatment or of diagnosis of sensitivity to grass 
aUergen in an individual and therapeutic compositions comprising one 
or more peptides of the invention are also provided. 

The present invention also provides derivatives or homologues of Lol 
P V peptides and peptides immunologically cross-reactive to antibodies to Lol 
p V or immunologically cross-reactive with T cells oiUlpV or derivatives or 
homologues thereof. 
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Further features of the present invention will be better understood from che 
foUowing derailed descripUon of the prefeired embodiments of the invention in 
conjuncUon with the appended figures. 

5 Brief Desrrinriftn of ri.> pimyp, 

Rg. 1 shows the nucleotide sequence of cDNA clone 12R (SEQ ID NO l) 
and its prediaed amino add sequence (SEQ ID N0:2). done 12R is a fulj-len«h 
clone of LoIpV. 

Fig. 2 shows various peptides of the invention of various lengths derived from 
10 LdpV. 

Rg. 3 is a graphic representation of the stimulation index of T ceils from day 
34 of the T ceU lii^e cultured with autologous irradiated PBMC in the presence of 
the inducing allergen UApW, oude ryegrass poUen extract or crude Bennuda grass 
poUen extra«; proliferation as assessed by [3H]TdR incoqxjration, the results are 
15 expressed as the stimulation index, determined by dividing the average CPM of ceils 
with allergen by the average CPM of ceUs ^th medium, alone, each aUcrgen 
concentration was tested in triplicate. 

Fig. 4 is graphic representation of the proliferative response of a T ceU line 
derived from a healthy ryegrass pollen allergic adult, on day 49 to the Lol p V 
20 synthetic peptides, the results are expressed as Uie average coiuits per minute (CPM) 
of duphcate cultures, background response of cells in the absence of aUcrgen was 
4849 CPM. 

Fig. 5 is a graphic representation of the proliferative response of TceU clone 
A12 to rhtLolpy syntiietic peptides, die results are expressed as the average 
25 counts per minute (CPM) of duplicate cultures, background response of ceUs in the 
absence of allerge was 358 CPM, and the Y-axis is shou-n on a log scale. 

Fig. 6 is a graphic representation of die proliferative response of a second T 
ecu line derived from a healthy ryegrass poUen allergic adult, to die Lo/ p V 
syndietic peptides, the results are expressed as die average counts per minute (CPM) - 
30 the background response of ceils in the absence of allergen was 2500 CPM. and the 
concentration of peptide was 0.1 pg/ml. 

Fig. 7 show a dot blot immunoassay of the 35 overiapping peptides from Lol 
p V, (clone 12R) immobUized on nitroceUulose (NC) FUter and 
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screened with individual se« showing human IgE binding. mAbs FMC.A7 and 

»anjUI.,pVn.bbit antibodyXrepresentscn.de ryegn^sp^^^^ 
exiraa (lug/dot) used as a positive control. 

Rg. 8 shows identification of B cell epitopes of LolpV based on dot 
unmonoassays of overiapping sequential syntl.e.ic peptides derived from clone 
12R: F.g. 8a shows the IgE binding from 16 positive sera from a total of 50 
ryegrass poUen allergeic patients (RasUi4): and Fig. 8b shows monoclonal or 
polyclonal antibody binding, the values a« arbitrary densitometric units of the 
uitenstty of the dot blot, measured by Pharmacia LKB UltraScan XL. Sweden 
densometiic values a were considered as positive binding in comparison to ' 
the background, for every peptide, the sera and antibody values have been 
added (score/peptide) and divided by the number of positive sera or antibody 
to express the final value as an average (score/sera or antibody), sera C 1 and 
C2 were used as negative controls (C refers to crx.de o-egrass pollen e'xtract ( 1 
15 Mg/dot) as a positive control). 

Fig. 9 shows an inhibition peptide dot-blot with peptide 34 (SEQ ID 
NO:36). peptides 6 (SEQ ID N0:8). 24 (SEQ ID NO:26). and 31 (SEQ ID 
NO:33) were used as negative controls: FPLC purified Lol p V designated as 
IX" and crude ryegrass pollen extract designated as "C" were used as positive 
20 controls. ^ 

Fig. 10 is a graphic depiction of an Inhibition ELISA with peptide ^4 
(SEQ ID NO:36). peptides 6 (SEQ ID N0:8). 24 (SEQ ID NO:26). and 3 1 
(SEQ ID NO:33) were used as negative controls: and criidc rj-egrass pollen 
extract was used as a positive control. 



25 



30 



Pttailed n<H;rrinrinn Inrmtinn 

The present invention provides isolated peptides Jerived from U>l p 
V. As used herein, a peptide or fragment of a protein refers to an amino acid 
sequence having fewer amino acid residues tiian the entire amino acid 
sequence of tiie protein. The terms "isolated" and "purified" as used herein 
refer to peptides of the invention which are substantially free of cellular 
material or culture medium when produced by recombinant DNA techniques 
or substantially free of chemical precursors or otiier chemicals when 
synthesized chemically. As used herein, the term "peptide" of tiic invention 
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.nclude peptides derived from L>lp V which comprise a. leas, one T ccfh 
epitope of the allergen era portion of such peptide which comprises at leas, 
one T cell epitope and/or peptides derived from Lclp V which binds IgE and 
Which comprise at least one B cell epitope. 

Peptides comprising at least nvo regions, each region comprising a, 
east one T cell epitope of Z^/p V are also within the scope of .he inven.ion 
bolatedpeptidesorregionsofisolatedpeptides. each comprising at leas, 
two Tcell epitopes of L,lp Vprotein allergen are particularly desirable for 
mcreased therapeutic cffccUvencss. Peptides which are immunologically 
related (e.g.. by antibody or T ceU crx,ss-reactivi,y) to peptides of the present 
invenuon are also within the scope of the invention. Pepudcs 
unmunologically related by antibody cross-reactivity are bound by antibodies 
specific for a peptide of Z/,/p V Peptides immunologically related by T cell 
cross-reacnvity are capable of reacting with the same T cells as a peptide of 
ihc invention. 

Isolated peptides of the invention can be produced by recombinant 
DNA techniques in a host cell transfomied with a nucleic acid having a 
sequence encoding such peptide. The isolated peptides of the invention can 
also be produced by chemical syntiiesis. When a peptide is produced by 
recombmant techniques, host ceUs transformed with a nucleic acid having a 
sequence encoding a peptide of the invention the functional equivalent of the 
nucleic acid sequence are cultured in a medium suitable for the cells and 
peptides can be purified from cell culmrc medium, host cells, or bo.h using - 
techmques known in ti.e an for purifying peptides and proteins including ion- 
exchange chromatography, gel filtration chromatography, ultrafiltration 
electrophoresis or immunopurification with antibodies specific for the peptide 
the protem allergen frcm which the peptide is derived, or a portion thereof. 

The present invention provides expression vectors and host cells 
transformed to express tiic nucleic acid sequences of the invention. Nucleic 
acd codmg for a^Io/p ^peptide of the invention orat least one fragment 
thereof may be expressed in bacterial cells such as £. coli. insect cells yeast 
or mammalian ceUs such as Chinese hamster ovary cells (CHO). Suitable 
expression vectors, promoters, enhancers, and other expre-ssion control 
Clements may be found in Sambrook et al. Molecular Cloning: A Laboraton 
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Manual, seco-id edition. Cold Spring Harbor Laboratory Press. Cold Spring 
Harbor. New York. 1989. Other suitable expression vectors, promoters. 
enhancers, and other expression elements are known to those skil'-d in the an. 
Suitable ve;tors for expression in yeast include YepSecl (Baldari et al. (1987) 
Embo J. fi. 229-234): pMFa (Kurjan and Herskowitz (1982) CeU2£l: 933- 
943): JRV88 (Schulu et al. (1987) Gene 1 13-123) and pYES2 (Invitrogcn 
Corporaiion. San Diego. CA). These vectors are freely available. Baculovims 
and mammalian expression systems are also available. For example, a 
baeulovijus system U commercially available (PharMingcn. San Diego. CA) 
for expression in insect cells while the pMSG vector is commercially available 
(Pharmacia. Piscaiaway. NJ) for expression in mammalian cells. 

For expression in £. colt, suitable expression vectors include, among 
others. pTRC (Amann et al. (1988) CenetQ:. 301-315): pGEX (Amrad 
Corp.. Melbourne. Australia): pMAL (N.E Biolabs. Beveriy. MA): pRITS 
15 (Pharmacia. Piscataway. NJ): pET-1 Id (Novagen. Madison. WI) Jameel et 
al.. (1990) J. Virol. 64:3963-3966: and pSEM (Knapp et al, (1990) 
BioTechniques fi: 280-28 1). The use of pTRC. and pET- 1 Id. for example. 
wUl lead to the expression of unfused protein. The use of pMAL. pRIT5 
pSEM and pGEX wUl lead to the expression of allergen fused to maltose E 
20 binding p-otcin (pMAL), protein A (pRIT5). truncated B-galactosidasc 

(PSEM). or glutathione S-transferasc (pGEX). When iLolpV peptide of the 
invention is expressed as a fusion protein, it is particularly advantageous to 
introduce an enzymatic cleavage site at the fusion juncUon between the carrier 
protein and Ulp V peptide. The Lolp V peptide may then be recovered from" 
the fusion protein through enzymatic cleavage at the enzymatic site and 
biochemical purification using conventional techniques for purification of 
proteins and peptides. Suitable enzymatic cleavage sites include Aose for 
blood clotting Factor Xa or thrombin for which the appropriate enzymes and 
protocols for cleavage are commercially available from, for example. Sigma 
Chemical Company. St. Louis. MO and N.E. Biolabs. Beveriy. MA. The 
different vectors also have different promoter regions allowing constitutive or 
inducible expression with, for example. IPTG induction (PRTC. Amann et al.. 
(1988) supra: pET-1 Id. Novagen. Madison. WI) or temperature induction 
(pRIT5. Pharmacia, Piscataway. NJ) . It may also be appropriate to express 
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recombmant LofpV peptides in different E. coJ/hosts that have an altered capacity 
to degrade recombinanUy expressed proteins (e.g. \JS. patent 4.758^12). 
Alternatively, it may be advantageous to alter the nucleic acid sequence to use 

codonspreferentiallyutaizedbyE.coli.^eresuchnucleicacidalterationwouldnot 
affect the amino add sequence of the expressed protein. 

Host cells can be transfomed to express the nucleic acid sequences of the 
Invention using com^ntional techniques such as calcium phosphate or calcium 
chloride coTJredpitation, DEAE-dextran-mediatcd transfection. or electroporation. 
Suiuble methods for transforming the host cells may be found in Sambrook et al. 
supra, and other laboratory textbooks. Tlie nudeic add sequences of the invention 
may also be diemically synthesized using staiidard techniques (i.e. solid phase 
synthesis). Details of the isolation and doning of clone 12R encoding Lol p V 
(described z& Lol p Ib.l) are given in PCT application Publication Number WO 
93/04174. 

The present invention also provides nudeic add sequences encoding peptides 
of the invention. Nudeic add sequences used in any embodiment of this invention 
can be cDNAs encoding the corresponding peptide sequences as shown in Fig. 7. or 
alternatively, can be any oligodeoxynudeotide sequence having all or a portion of a 
sequence represented herdn. or their functional equivalents. Such 
20 oligodeoxynudeotide sequences can be produced chemically or mechanically, using 
known techniques. A functional equivalent of an oligonudeotide sequence is one 
whidi is 1) a sequence capable of hybridizing to a complementary oligonudeotide 
to which the sequence (or corresponding sequence portions) of Lo/ p V as shouT, in 
Fig. 1 (SEQ ID NO:l) or fragments thereof hybridizes, or 2) (the corresponding 
sequence portions complementary to the nudeic add sequences encoding the peptide 
sequence derived from Lo^ p V as shown in Table 1 and Fig. 2 (SEQ ID NO:l). 
and/or Fig. 3) a sequence whidi encodes a product (e.g. a polypeptide or peptide) 
having the same functional characterisUcs of the product encoded by the sequence 
(or corresponding sequence portion) of LolpVas shown in Fig. 1 (SEQ ID NO: 1 ). 
Whether a functional equivalent must meet one or both criteria wUl depend on its 
use (e.g., if it is to be used only as an oligoprobe, it need meet only the first cr 
second criteria and if it is to be used 
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Z/^/p V pcpudcs of the invention ora ponion thereof comprising the steps of 

celh and medtum containing said U>lp V peptide: and purifying the mixture to 
producesubsta„dallypureZ./pVpepdde. Host cells tr^sfold with^ 
expttssion vector containing DNA coding for zLolpV peptide o. .J,c 
mvenuon or a portion thereof are cultured in a suitable medium for the host 
cell U,lp V peptides of the invenUon can be purified from cell culture 
med.um. host ceUs. or both using techniques known in the art for purifying 
pepudes and proteins including ion-exchange chromatography, gel fiitn.tion 
ch^omatog^phy uM^^ 

ant.bod>ec specif.c for the i^/ p V peptides or portions thereof of the 
invention. _ 

Another aspect of the present invention pertains to an antibody 
specifically ^active with a £.,/p V peptide. Such antibodies may be used to 
standardize allergen extracts or to isolate the naturally occuning Lol p V 
Also L>lpV peptides of the invention can be used as "purified" allergens to 
standardize allergen extracts. For example, an anim'al such as a mouse or 
rabbit can be immunized with an immunogenic fom, of an isolated Lol p V 
pcp'ide of the invention capable of eliciting an antibody response. Techniques 
tor confemng immunogenicity on a peptide include conjugation to earners or " 
odier techniques well-known in the an. Hie Lo/ p V peptide can be 
administered in the presence of adjuvant. Hie progress of immunization can 
be monitored by detection of antibody titer, in plasma or serum standard 
ELISA or other immunoassay can be used with the immunogen as antigen ,o 
assess the levels of antibodies. 

Following immunization. anti-L,/p V peptide antisera can be obtained 
^d^if desired, polyclonal anti-I^/p V peptide antibodies from the serum To 
produce monoclonal antibodies, antibody provlucing cells (lymphocytes) can 
be harvested from an immunized animal and fused by standard somatic cell 
fusion procedures with immortalizing cells such as myeloma cells to yield 
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hybndoma cells. Hybridoma cells can be screened immunochcmically for . 
producoon of antibodies reactive with the Lo/p V peptides of the invention 
THese sera or monoclonal antibodies can be used to standardize allergen 
extracts. ^ 

•nirough use of the peptides and antibodies of the present invention 
pre,«iauons of consistent, weU^efincd composition and biological activity" 
can be made and administered for therapeutic purposes (e.g. to modily the 
allergic response of a ryegrass poUen sensitive individual to pollen of such 
grasses or pollen ofan immunologically related grass). Administration of such 
pcpudcs may. for example, modify B-ceU response to Lo/p V allergen T-ce!l 
response to Z^/p v allergen or boti, responses. Isolated peptides can also be 
us«l to smdy ti,e mechanism of immunotherapy of ryegrass poUen aUergy and 
to design modified derivatives or analogues useful in immunotherapy 

The present invention also pertains to T cell clones which specifically 
recognize UlpV peptides of the invention. Thcst T cell clones may be 
suiuble for isolation and molecular cloning of the gene for die T cell receptor 
which ,s specifically reactive with a peptide of the present invention n,e T 
ceU cloiics may be prxxluced as described in Example 2. or as described in 
Cellular Molecular Inmunology. Abul K. Abbas et al.. W.B. Saunders Co 
(1991) pg. 139. TTie present invention also pertains to soluble! cell 
receptors. These receptors may inhibit antigen-dependent activation of the 
relevant T cell subpopulation within an individual sensitive loLolpV 
Antibodies specifically reactive with such a T cell receptor can also be 
produced. Such antibodies may also be useful to block T-cell -MHC 
mteraction in an individual. Methods for producing soluble T ceil receptor, 
are descnbed in Immunology: A Synthesis. 2nd Ed.. Edward S. Golub ct 
al..Sinaur Assoc. Sunderland Massachusetts. (1991) pp. 366-369. 

It is also possible to modify the structure of a peptide of the invention 
for such purposes as increasing solubility, enhancing therapeutic or preventive 
efficacy, or subility (e.g.. shelf life ci livQ. and resistance to proteolytic 
degradation iaidffi). A modified peptide can be produced in which the an.ino 
acid sequence has been altered, such as by amino acid substitution, deletion 
or addition, to modify immunogenicity and/or reduce allergenicity. or to which 
a component has been added for tiie same purpose. 
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o induce T cell aner^y and bind MHC proteins without the ability to induc^e a 

5 ^^'^^/"-'"""^^^ In this instance. Critical bindin. residues 

5 f°^th'T«Il receptor can be detennined using known techniques (eg 

substttuaon of each residue and determinaUon of the presence or abse„« of T 
ce , teacuvity). T.ose residues shown to be essendal to interact with the T 
cell receptor can be modified by replacing the essential amino acid with 

10 P-«nc«.showntoe„hance,diminishbutnotelin,inate.ornotafL 
T en rcacuvtty. In addiUon. those amino acid residues which are not esse . 

11 cidT"^'""'"'" "^^'^''^ 

ammo acid whose mcorporaUon may enhance, diminish or not affect T cell 
reacuvity but does not eliminate bindins to relevant MHC 

15 ^fJ^^^'y-P'Ptidesoftheinventioncanbemodincdbyreplacingan 
no acd Shown to be essential to interact with the MHC protel com le. 
w.^^another.prefe.blys^^^^ 

who e p csence .s shown to enhance, diminish but not eliminate, or not affec 
T cell acuvtty. In addition, amino acid residues which are not essential fo 
-0 mteracuon with the MHC protein complex but which still bind the MHC 
pro^m complex can be modified by being replaced by another amino acid 
whose .ncorporation may enhance, not affect, or diminish but not eliminate T 

c rrr;^'''™' "^^'^^''^ ammo 

■>S 0 a 1'! , '° ""^'"""^"^ acid. - 

-5 or a methyl ammo acid. 

In order to enhance stability and/or reacuvity. peptides of the 

Tali " """^"""^ °^ "^^^ POiymoT,hisms in 

the amtno acd sequence of the protein allergen resulting from natural allelic 

acd analogues can be substituted or added to produce a modified peptide 
wuhtn the scope of this invention. Furthermore, peptides of the present 
mvennon can be modified using the polyethylene glycol (PEG) method of A 
Sehon and co-workers (Wie et al. supra) to produce a protein or peptide 
conjugated with PEG. In addition. PEG can be added during chemical 
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synthesis of a protein or peptide of the invention. Modifications of peptides or 
poitions thereof can also include leducUon/ alyklation (Tair in: Methods V 
Protein MicrocharacterizationiJE. Silvered. Humana Press. Clifton. NJ. pp 
155-194 (1986)): acylaUon (Tair. supra): chemical coupling to an appropriate 
carrier (Mishell and Shiigi, eds. Selected Methods in Cellular Immunology. 
WH Freeman. S-tn Francisco. CA (1980); U.S. Patent 4.939.239: or mild 
foimalin treatment (Marsh International Archives of Allergy and Applied 
Immunology, H: 199-2 15 ( 197 1 )). 

To faciUtatc puiificauon and potentially increase solublUty of peptides 
of the invention, it is possible to add rcponer group(s) to the peptide 
backbone. For example, poly-histidine can be added to a peptide to purify the 
peptide on immobUized metal ion affinity chromatography (Hochuli. E. er al 
Biotechnology. 6:1321-1325 (1988)). In addition, specific endoprotease 
cleavage sites can be introduced, if desired, between a reponer group and 
amino acid sequences of a peptide to facilitate isolation of peptides free of 
irrelevant sequences. In order to successfully desensitize an individual to a 
protein antigen, it may be necessary to increase the solubility of a peptide by 
adding functional groups to tiie peptide or by not including hydrophobic T 
I cell epitopes or regions containing hydrophobic epitopes in the peptides or 

hydrophobic regions of the protein or peptide. It may also be necessary to 
replace hydrophobic residues with less hydrophobic residues, such chanecs 
effecting binding to a MHC complex or T cell receptor as described above. 

To potentially aid proper antigen processing of T cell epitopes within a 
peptide, canonical protease sensitive sites can be recombinamly or 
synthetically engineered between regions, each comprising at least one T cell 
epitope. For example, charged amino acid pairs, such as KK or RR. can be 
introduced between regions witiiin a peptide during construction of tiie 
peptide. The resulting peptide can be rendered sensitive to cathepsin and/or 
other trypsin-like enzymes cleavage to generate portions of die peptide 
containing one or more T cell epitopes. In addition, such charged amino acid 
residues can result in an increase in solubility of a peptide. 

Site-directed mutagenesis of DNA encoding a peptide of the invention 
can be used to modify the structure of the peptide by methods known in the 
an. Such methods may. among oUiers. include PCR with degenerate 
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Oligonucleotides (Ho etal.. Gene. n:51-59 (1989)) or toial synthesis of 
mutated genes (Hostomsky, Z. ct al.. Biochem. Biophvs. Res. Comm ^ 
iM|1056.1063 (1989)). To enhance bacterial exp^ssion. the aforementioned 
methods can be used in conjunction with other procedures to change the 
eucatyotic codons in DNA constructs encoding protein or peptides of the 
mvention to ones preferentially used in £. coli. yeast, mammalian cells, or 
other eukaiyotic cells. 

Ptptides or antibodies of the present invention can also be used for 
detecting and diagnosing ryegrass pollinosis. For example, this could be done 
by combming blood or blood products obtained from an individual to be 
assessed for sensitivity to ryegrass pollen with isolated peptides of Lot pV 
under conditions appropriate for binding of components in the blood (e g 
antibodies. T-ceUs. B- cells) with the peptide(s) and determining the extent ,o 
which such binding occurs. 

Isolated peptides of the invention when administcftd in a therapeutic 
regimen to a Lol p V-sensitive individual, or an individual allergic to an 
aUergen cross-reactive with U,lp V. are capable of modifying the allergic 
response of the individual to Z/,/p V ryegrass pollen aUergen or such cross- 
reactive allergen of rhc individual, and preferably are capable of modifying the 
B-cell response. T-ceU response or both the B-cell and the T-cell response of 
the mdividual to the allergen. As used herein, modification of the allergic 
response of an individual sensitive to a ryegrass pollen allergen or cross- 
reactive allergen can be defined as non-responsiveness or diminution in 
symptoms to the allergen, as determined by standard clinical procedures (See " 
e.g. Varney et al. British MedicalJoumal. 202:265-269 (1990)) including 
diminution in ryegrass pollen induced astiimatic symptoms. As referred to" 
herein, a diminution in symptoms includes any reduction in allergic response of 
an individual to the allergen after die individual has completed a treatment 
regunen witii a peptide or protein of the invention. This dimtinition may be 
subjective (i.e. Uie patient feels more comfortable in the presence of the 
allergen). Dimunition in symptoms can be determined clinically a.s well, usins 
standard skin tests as is known in die art. 

LolpW peptides of the present invention which have T cell stunulauno 
activity, and thus comprise at least one T cell epitope arc panicularly desirabll 
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for therapeutic purposes. Lolp V peptides of the present invention which 
bind IgE and comprise ai least one B cell epitope arc particularly desirable for 
therapeutic purposes. In referring to an epitope, the epitope wili be ihc basic 
clement or smallest unit of recognition by a receptor, panicularly 
immunoglobulins, histocompatibility antigens and T cell receptors where the 
epitope comprises amino acids essential to receptor recognition. Amino acid 
sequences which mimic tiiose of the epitopes and which arc capable of down 
regulating or reducing allergic response xoLolpV can also be used. T cell 
epitopes are believed to be involved in initiation and perpetuation of tiic 
immune respon.<ic to a protein allergen which is responsible for the clinical 
symptoms of allergy. These T cell epitopes are tiioughi to trigger early events 
at tiie level of the T helper cell by binding to an appropriate HLA molecule on 
the surface of an antigen presenting cell and stimulating the relevant T cell 
subpopularion. These events lead to T cell proliferation, lymphokinc 
secretion, local inflammatory reactions, recruitment of additional immune cells 
to the site, and activation of ±t B cell cascade leading to production of 
antibodies. One isotypc of tiicse antibodies, IgE, is fundamentally important 
to the development of allergic symptoms and its production is influenced early 
in the cascade of events, at the level of the T helper cell, by the nature of thr 
lymphokines secreted. 

Exposure of ryegrass pollen allergic patients to isolated Lo! p\ 
peptides of the present invention which comprise at Icasi one T cell epitope 
and arc derived from Lot p \ protein allergen may tolerizc or ancrcizc 
appropriate T cell subpopulauons such that they become unresponsive to the 
protein allergen and do not panicipate in stimulating an immune response 
upon such exposure. In addition, administration of a peptide of the invention 
or ponion thereof which comprises at least one T cell epitope may modify the 
lymphokine secretion profile as compared with exposure to the naturally- 
occurring Lo/ p V protein allergen or portion tiiereof (e.g. result in a decreavie 
of IL-4 and/or an increase in E.-2). Furthermore, exposure to such peptide of 
the invention may influence T cell subpopulations which normally participate 
in tiie response to the naturally occurring allergen such that these T cells arc 
drawn away from the sitc(s) of normal exposure to tiie allergen (e.g.. nasal 
mucosa, skin, and lung) towards the site(s) of therapeutic administration of the 
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fragment or protein allergen. n»i$ redistribuuon of T cdi subpopulations may 
ameUotate or reduce the abUity of an individual s immune system to stimulate 
the usual immune response at the site of normaJ exposure to the aUcrgcn. 
resulting in a dimunution in allergic symptoms; 

The Uolated Lolp V peptides of the invention can be used in methods 
of diagnosing, treating and preventing allergic reactions ioLolpV allergen or 
a cross reactive protein aUergen. Thus, die present invention provides 
diagnostic compositions for diagnosing allergy to Lol p V aUcrgcn or a cross- 
reactive protein allergen. Such compositions may comprise synthcucally or 
recombinandy produced peptides derived from Lol p V and a pharmaccuiically 
acceptable carrier or diluem. Such diagnostic compositions of the invention 
may be used in diagnostic tests for allergy such as radio-allergosorbcnt test 
(RAST). paper radioimmunosorbent test (PRIST), enzyme bnked 
immunosorbem assay (EUSA). radioimmunoassay (RDA). immuno- 
radiometric assay (IRMA). luminesience immunoassay (LIA). histamine 
release assays and IgE immonoblots. TTic present invc;..on also provides 
therapeutic compositions comprising isolated Lolp V peptides or ponions 
tiiereof produced in a host cell transformed Jo express such LolpV peptide 
or portion titercof and a pharmaccutically acceptable carrier or diluent. The 
tiierapeuuc compositions of tiie invention may also comprise synthetically 
prepared Lol p V peptides and a pharroaceutically acceptable carrier or 
dUuenu Administration of the therapeutic compositions of the present 
invention to an individual to be desensitized can be earned out using kr.own 
techniques. LotpV peptides or ponions thereof may be adminis.ercd to an - 
individual in c ombination with, for example, an appropriate diluent, a earner 
and/or an adjuv m. Phaimaceutically acceptable dUucnts include saline and 
aqueous buffer solutions. Pivarmaceutically acceptable carriers include 
polyethylene glycol (Wieetal. (1981) Int. Arch. Allergy Appl. Immunol. 
M:84-99) and liposome.^ (Strejan et al. (1984) / Neuroimmuno! 7; 27). For 
purposes of inducing Fcell anergy. die therapeutic composition is'preferably 
administered in nonimmunogenic form. e.g. it does not contain adjuvant. The 
tiierapeutic compositions of the invemion are administered to ryegrass pollen- 
sensitive individ-jiL or individuals sensitive to an allergen which is 
immunologically cross-reaaive with ryegrass pollen allergen.. 
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Administration of the therapeutic compositions of the present 
.nvcniion to an individual to be desensiuzed can be carried out using known 
procedures at dosages and for periods of time effective to reduce sensitivity 
(I.C.. reduce the allergic response) of the individual to the allergen. Effective 
amounts of the therapeutic compositions wUI vary accordine to factors such as 
the degree of sensirivity of the individual to ryegrass pollen, the age. sex and 
weight of the individual, and the abUity of the protein or fragment thereof to 
chcit an antigenic response in the individual. 

"n»e active compound (i.e.. protein or fragment thereof) may be 
administered in a convenient manner such as by injection (subcutaneous, 
intravenous, etc.), oral administration, inhalation, transdermal application or 
itctal administration. Depending on the route of administration, the active 
compound may be coated witiiin a material to protect tiie compound from the 
action of enzymes, acids and other natural conditions which may inactivate the 
compound. 

For example, preferably about 1 pg- 3 mg and more preferably from 
about 20-500 Mg of active compound (i.e.. protein or fragment thereof) per 
dosage unit may be administered by injection. Dosage regimen may be 
adjusted to provide tiie optimum tiierapcutic response. For example, several 
divided doses may be administered daily, weekly, monthly, quarterly, or yearly 
as needed or tiie dose may be proportionally reduced or increased as indicated 
by tiie exigencies of tiie Uierapeutic situation. 

To administer a peptide by other than parenteral administration, it may 

be necessary to coat the protein with, or co-administer the protein with, a " 

material to prevent its inactivation. For example, peptide or ponion thereof 

may be co-administered witii enzyme inhibitors or in liposomcis. Enzyme 

inhibitors indutle pancreatic trypsin inhibitor, diisopropyinuorophosphatc 

(DEP) and trasylol. Liposomes include waier-in-oil-in-water CGF emulsions 

as weU as conventional Uposomes (Strejan et al. (1984) J. Nrnroimm„n oi 
7:27). -uMuuuiiu. 

The active compound may also be administered parcntcrally or 
intrapcritoneally. Dispersions car. also be prepared in glycerol, liquid 
polyetiiyline glycols, and mixtures thereof and in oils. Under ordinary 
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conditions of storage and use. these preparations may contain a preservative 
to prevent the growth of microorganisms. 

Pharmaccmical compositions suitable for injectable use include sterile 
aqueous solutions (where water soluble) or dispersions and sterile powders for 
the extemporaneous preparation of sterile injecublc solutions of dUpersion. 
In all cases, the composition must be sterile and must be fluid to the extent 
that easy syringability exists. It must be stable under the conditions of 
manufacnire and storage and must be preserved against the contaminating 
action of microorganisms such as bacteria and fungi. The earner can be T 
solvent or dispersion medium containing, for example, water, ethanol. polyol 
(for example, glyceral. propylene glycol, and liquid polyeiheylenc glycol, and 
the like), suitable mixtures thereof, and vcgeuble oils. The proper fluidity can 
be maintained, for example, by the use of a coating such as licithin. by the 
maintenance of the required paiticle size in the case of dispersion and by the 
use of surfactants. Prevention of tht action of microorganisms can be 
achieved by various antibacterial and antifungal agents, for example, parabens. 
chlorobutanol. phenol, ascorbic acid, tiiirmerosal. and the like. In many cases, 
it will be preferable to include isotonic agents, for example, sugan. 
polyalcohols such as manitol and sori)itol or sodium chloride in the 
composition. Prolonged absorption of the injectable compositions can be 
brought about, including in the composition, an agent which delays 
absorption, for example, aluminum monostearate and gelatin. 

Sterile injecuble solutions can be prepared by incorporating active 
compound (i.e.. protein or peptide) in die required amount in an appropriate - 
solvent with one or a combination of ingredients enumerated above, as 
required, followed by Altered sterilization. Generally, dispersions are prepared 
by incorporating the active compound into a sterile vehicle which contains a 
basic dispersion medium and the required other ingredients from those 
enumerated above. In die case of sterile powder, for the preparation of sterile 
injectable solutions, die prcfeired metijods of preparation arc vacuum drying 
and freeze-dtying which yields a powder of the active ingredient (i.e.. protein 
or peptide) plus any additional desired ingredient from a previously sterile- 
filtered solution thereof. 
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When a peptide of the invention is suitably protected, as described 
above, the peptide may be orally administered, for example, with an inert 
dUuent or an assimilable edible earner. The peptide and other in|redients may 
also be enclosed in a hard or soft shell gelatin capsule, compressed into 
tablets, or mcorpoiated directiy into the individual's diet For oral therapeutic 
admimstrauon. Uie active compound may be incoiporated with excipients and 
used m the form of ingestible tablets, buccal tablets, troches, capsules elixirs 
suspensions, syrups, wafers, and the like. Such compositions and preparations 
should contain at least 1 % by weight of active compound. The percentage of 
the composition and preparations may. of coune. be varied and may 
conveniemly be between about 5 to 80% of the weight of the unit. The 
amount of active compound in such therapeutically useful compositions is 
such that a suitable dosage wiU be obtained. Preferred compositions or 
preparations according to the present invention are prepared so that an oral 
dosage unit contains between from about 10 ^g lo about 200 mg of active 
compound. 

The ublets. troches, pills, capsules and the like may also contain the 
following: a binder such as gum gragacanU,. acacia, com starch or gelatin- 
excipients such as dicalcium phosphate: a disintegrating agent such as com 
starch, potato starch, alginic acid and tiie like: a lubricant such as magnesium 
stcarate: and a sweetening agent such as sucrose, lactose or saccharin or a 
flavoring agent such as peppermint, oil of wimergreen. or cherry flavoring. 
When tiie dosage unit form is a capsule, it may conuin. in addition to 
materials of the above type, a liquid carrier. Various other materials may be - 
present as coatings or to otiierwise modify the physical fomi of the dosage 
unit. For instance, tablets, pills, or capsules may be coated with shellac, sugar 
or both. A syrup or elixir may contain tiie active compound, sucrose as a 
sweetening agent, metiiyl and propylparabens as preservative, a dye and 
flavoring such as cherry or orange flavor. Of course, any material used in 
preparing any dosage unit form should be phanmaceutically pure and 
substantially non-toxic in tiie amounts employed. In addition, the active 
compound may be incorporated into sustained-release preparations and 
. formulations. 
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As used herein "phannaceutically acceptable carrier" includes any and 
aU solvents, dispersion media, coalings, antibacterial and antifungal agents 
isotonic and absorption delaying agents, and the like. TT^e use of such media 
and agents for phannaceutically active substances is well known in the ait. 
Except insofar as any conventional media or agent is incompatible with the 
active compound, use thereof in the therapeutic compositions is contemplated. 
Supplementary active compounds can also be incorporated into the 
compositions. 

It is espcciaUy advantageous to formulate parenteral compositions in 
dosage unit form for ease of administration and uniformity of dosage. Dosage 
unit from as used herein refers to physically discrete units suited as unitary ' 
dosages for the mammalian subjects to be treated: each unit containing a 
predetermined quantity of active compound calculated to produce the desired 
therapeudc effect in association with the required phsrmaceutical carrier. The 
spccificaUon for the novel dosage unit forms of the invention are dictated by 
and directly dependem on (a) the unique charabteristics of the active 
compound and the particular therawutic effect to be achieved, and (b) the 
Umitadons inherent in the art of compounding such an active compound for 
the treatment of sensitivity in individuals. 

Various isolated peptides of the invention derived from ryegrass pollen 
protein Z^/p V are shown in Fig. 2 and in Table 1.* Peptides comprising at 
least two regions, each region comprising at least one T ceil epitope of Lol p 
V are also within the scope of the invention. As used herein a region may 
include die amino acid sequence of a peptide of the invention as shown in Fig. 
2 or the amino acid sequence of a portion of such peptide. 

To obtain isolated peptides of the present invention. LolpVxs divided 
into non-overlapping peptides of desired length or o veriapping peptides of 
desired lengths as discussed in Example 1 which can be produced 
recombinandy. or synthcticaUy. Pcpddes comprising at least one B cell 
epitope are capable of binding IgE. Peptides comprising at least one T cell 
epitope are capable of eliciting a T cell response, such as T cell proliferation or 
lymphokine secretion, and/or are capable of inducing T cell anergy (i.e.. 
tolerization). To determine peptides comprising at least one T cell epitope, 
isolated peptides are tested by. for example. T cell biology techniques, to 
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dettrmine whether the peptides elicit a T cell response or induce T cell anergy. 
Those peptides found to elicit a T cell response or indiTce T cell anergy are 
defined as having Tcell stimulating activity. 

As discussed in Example 2, human T cell stimulating activity can be 
tested by culturing f ceUs obtained from an individual sensitive to LolpV 
allergen. (i.e.. an individual who has an IgE mediated immune response to Lol 
p V allergen) with a peptide derived from the allergen and determining 
whether proUferation of TceUs occurs in response to the peptide as measured, 
e.g.. by cellular uptake of tritiated thymidine. Stimulation indices for 
responses by T ceUs to peptides can be calculated as the maximum CPM in 
response to a peptide divided by the control CPM. A stimulation index (S.I.) 
equal to or greater than two times the background level is considered 
"positive-. Positive results are used to calculate the stimulation index for each 
peptide for the patient tested. Preferred peptides of this invention comprise at 
least one T cell epitope and have a T cell stimulation index of greater tiian or 
equal to 2.0. A peptide having a T cell stimulation index of greater than or 
equal to 2.0 in a ryegrass pollen sensitive patient is considered useful as a 
therapeutic agent. Preferred peptides have a T cell stimulation index of at 
least 2.2. more preferably at least 2.5. more preferably at least 3.0. more 
preferably at least 3.4. For example, peptides of the invention having a T cell 
stimulation index of at least 2.5. as shown in Figs 4. 5. or 6. include peptides 
14 (SEQ ID N0:16). 25 (SEQ ID NO:27). 19 (SEQ ID N0:21). 22 (SEQ ID 
NO:24). and 34 (SEQ ID NO:36). 

In order to determine precise T cell epitopes by. for example, fine " 
25 mapping techniques, a peptide having T cell stimulating activity and thus 
comprising at least one T cell epitope as deteimined by T cell biology 
techniques is modified by addition or deletion of amino acid residues at either 
the amino or carboxy terminus of the peptide and tested to determine a change 
in T cell reactivity to the modified peptide. Following tiiis technique, peptides 
30 are selected and produced recombinandy or synthetically. Preferred 
therapeutic peptides are selected based on various factors, including the 
strength of the T cell response to U»e peptide (e.g.. stimulation index), the 
frequency of the T cell response to the peptide, in a population of individuals 
sensitive to ryegrass pollen, and die potential cross-reactivity of the peptide 
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with other allersens from other species of grasses as discussed carUcr. The 
physical and chemical properties of these selected peptides (e.g.. solubility, 
stability) are examined to detcnninc whether the peptides arc suitable for use 
in therapeutic compositions or whether the peptides require modification as 
5 described herein. The ability of the selected peptides or selected modified 
peptides to stimulate human T cells (e.g.. induce proliferation, lymphokine 
secretion) is detemined. 

Additionally, preferred T cell epitopc-containing tijerapcutic peptides 
of the invention do not bind immunoglobulin E (IgE) or bind IgE to a 

10 substantiaUy lesser extent than the protein allergen from which the peptide is 
derived. The major complications of standard immunotherapy are IgE- 
mediated responses such as anaphylaxis. Immunoglobulin E is z mediator of 
anaphylactic reactions which result from die binding and cross-linking^of 
antigen to IgE on mast cells or basophils and the release of mediator (e.g.. 

15 histamine, serotonin, eosinophil chemotacic factors). Thus, anaphylaxis in a 
substantial percentage of a population of individuals sensitiv«rto LolpV could 
be avoided by the use in immunotherapy of a peptide or peptides which do not 
bind IgE in a substantial percentage (e.g.. at least about 75%) of a population 
of individuals sensitive to La/p V allergen, or if tiie peptide binds IgE. such 

20 binding does not result in the release of mediators from mast ceUs or 
basophils. The risk of anaphylaxis could be reduced by the use in 
immunotiierapy of a peptide or peptides which have reduced IgE binding. 
Moreover, peptides which have minimal IgE stimulating activity are desirable 
for tijerapcutic effectiveness. Minimal IgE stimulating activity refers to IgE" 

25 production that is less tiian tf>e amount of IgE production and/or IL-4 
production stimulated by tite native LolpW protein allergen. 

A T cell epitope containing peptide of die invention, when 
administered to a ryegrass poUcn-sensitive individual in a therapeutic 
treatment regimen is capable of modifying die allergic response of the 

30 individual to the allergen. Particularly. Lol p V peptides of die invention 
comprising at least one T cell epitope of LolpV or at least two regions 
derived from Lol p V. each comprising at least one T cell epitope, when 
administered to an individual sensitive to ryegrass pollen are capable of 
modifying T cell response of die individual to the allergen. 
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An isolated LolpW thcrapeuUc peptide of the invention comprises at 
least one T ceU epitope of thtLolpV and acconlinglythc peptide comprises 
at least approximately seven amino acid residues. For purposes of therapeutic 
effectiveness; preferred therapeutic compositions of the invention preferably 
comprise at least twoTceU epitopes of Ulp V. and accordingly, the peptide 
comprises at least approximately eight amino acid residues and preferably at 
least fifteen amino acid residues. Additionally, therapeutic compositions 
comprising preferred isolated peptides of the invention preferably comprise a 
sufficient percentage of the T cell epitopes of the entire protein allergen such 
that a therapeutic regimen of administration of tiic composition to an 
individual sensitive to ryegrass pollen, results in T ceUs of the individual being 
tolcrized to the protein allergen. Synthetically produced peptides of the 
invention comprising up to approximately fony-five amino acid residues in 
length, and most preferably up to approximately tiiiny amino acid residues in 
length are particularly desirable as increases in length may result in difficulty in 
peptide synthesis. Peptides of tiie invention may also be produced 
recombinantly as described above, and it is preferable tiiat peptides of 45 
amino acids or longer be produced recombinantiy. 

Peptides derived from ihtLolpM protein allergen which can be used 
for therapeutic purposes comprise at least one T cell epitope of Lol p V and 
comprise all or a portion of the amino acid sequences of the following 
peptides: 6 (SEQ ID N0:8). 7 (SEQ ED N0:9). 12 (SEQ ID NO: 14), 14 
(SEQ ID NO: 16). 16 (SEQ ID NO: 18). 19 (SEQ ID N0:21). 22 (SEQ ID 
NO:24). 25 (SEQ ID NO:27). 28 (SEQ ID NO:30). 33 (SEQ ID NO:35). and 
34 (SEQ ID NO:36) (as shown in Fig. 2) prefetrably. the peptide comprising 
an amino acid sequence of peptides: 6 (SEQ ID N0;8). 7 (SEQ ID N0:9). 12 
(SEQ ID N0:14). 14 (SEQ ID NO:16), 16 (SEQ ID N0:18). 19 (SEQ ID 
N0:2 1). 22 (SEQ ID N0:24). 25 (SEQ ID N0:27). 28 (SEQ ID NO:30). 33 
(SEQ ID N0:35). and 34 (SEQ ID N0:36) (as shown in Fig. 2) has a mean T 
ceU stimulation index equivalent to. or greater ti>an the mean T cell stimulation 
index of the peptide from which it is derived as shown in Figs. 4. 5 or 6. Even 
more preferably peptides derived from the Lo/ p V protein allergen which can 
be used for therapeutic purposes comprise all or a portion of the amino acid 
sequences of the following peptides: 14 (SEQ ID N0:16). 19 (SEQ ID 
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In one aspect of the present invention, a composition is provided 
compns.ng at least two peptides (e.g., a physical mixture of at least two 
pepades).cachcomprislngatleastoncTceUepitopcof£/,/p V Such 
comi^sitions can be administered in the for«, of a thenrpeutic composition 
with a pharmaceutically acceptable carrier or diluent Additionally 
therapeutically effective amounts of one or mo.e of therapeutic compositions 
and compnsing at least one pepUdc having a T cell epitope can be 
admmistered simultaneously or sequentiaUy to an individual sensitive to 
ryegrass pollen. " 

Preferred compositions and preferred combinations oiLolpV 

pepudes which compose amino acid sequences shown in Fig. 2) include the 
louowmg combinations: 
14 (SEQ ID NO: 16) and 22 (SEQ ID NO:24); 
14 (SEQ ID NO: 16) and 25 (SEQ ID NO:27)i 
19 (SEQ ID N0:21) and 22 (SEQ ID NO:24); 
19 (SEQ ID N0:21) and 25 (SEQ ID NO:27): 
14 (SEQ ID N0:16). 22 (SEQ ID NO:24). and 25 (SEQ ID NO-27) 
19 (SEQ ID N0:21). 22 (SEQ ID N0:24). and 25 (SEQ ID NO-27)' 

14 (SEQ ID N0:I6), 19 (SEQ ID N0:2I). 22 (SEQ ID NO:24), 25 (SEQ ID 
NO:27),and34(SEQIDNO:36): 

6 (SEQ ID N0:8). 7 (SEQ ID N0:9). 9 (SEQ ID N0:11), 12 (SEQ ID 
N0:14). 14 (SEQ ID N0:16). 16 (SEQ ID N0:18). i9 (SEQ ID NO-21) ^2 
(SEQ ID N0:24). 25 (SEQ ID N0:27). 33 (SEQ ID N0:35). and 34 (SEQ ID 
NO:36): 
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6 (SEQ ID N0:8). 9 (SEQ ID N0:11). 16 (SEQ ID^N0:1S). 19 (SEQ ID 
N0:21). 22 (SEQ ID NO:24). and 34 (SEQ ID NO:36): and 
6 (SEQ ID NO:8). 9 (SEQ ID N0:11). 14 (SEQ ID N0:16). 16 (SEQ ID 
NO: 18). 19 (SEQ ID N0:2l). 22 (SEQ ID NO:24). 25 (SEQ ID NO:27) and 
5 34(SEQIDNO:36). 

The present invention is funher illustrated by the followini non- 
limiting Figures and Exainplcsr 
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EXAMPLE 1 



5 LafpV peptides 

The amino acid sequence of Lai pV (SEQ ID NO:2) was deduced from the 

cDNA sequence of done 12R (SEQ ID N0:1) ATCC Number as shown in 

Fig. 1. TTie doning and sequencing of done 12R encoding LolpV (described as Lot 

10 p Ib.l) is described in PCT application publicaUon number WO 93/04174. Thirty 
12-mer and four 13-mer solid phase peptides were synthesized on a BT74O0 manual 
pcpUde synthesising block (Biotech Instruments Ltd, UK). These peptides 
corresponded to the entire Lo/pV sequence with four (or five) amino acid overlap. 
The peptides were synthesized on C-teminal Fmoc protected amino acid resins (25 

15 mM auspep, Australia). The resins were washed and drained sequentially with 3 x 
1 ml dimediylformamide (DMF: Auspep. Australia), andlhen treated with 1ml 
deprotecting solution (DP, 25% w/v piperidine in DMF; Suspep, Australia) for ten 
minutes to remove the Fmoc group from the first C-terminal amino acid. The wells 
were then washed and drained sequentially with 3 x 1 ml DMF, 2 x 1ml 

20 dichloromethane (DCM; Auspep. Australia) and finally 2 x 1 ml DMF. Ten fold 
exces of the selected amino adds were combined with aaivating reagent 
(BOP:HOBYT 1:1; Auspep, Australia), dissolved in 1 ml aaivating solution (Auspep. 
Australia) and added to the appropriate wells for coupling. The procedure was 
repeated until the desired peptide length was achieved. 

25 The peptides were then treated with cleaving solution (90% v/v trifluoroacetic 

add, 4% v/v phenol, 1% v/v ethanedithiol; Auspep, Australia) for six hours to 
facUitate peptide deavage from the wells. The coUected peptides were then 
predpitated in 50 ml cold diethylether (DEE: Auspep, Australia) and then isolated 
on Whatman's fUter paper 1 (Whatman, UK). These filter papers were washed with 

30 50 ml lyophUising solution (Auspep. Australia) and freeze dried. Peptides were 
subjeaed to analysis by HPLC and mass spectromety by Auspep Laboratories to 
check sequence and peptide purity. 
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TABLE 1 



Peptide PtpUdeS«,ttenct Peptide p,p,ide 

^o. N.!ennInii*«C.tennInus MW»(D) pi 



Binding 



■1 


_ ADAGYTPAAAAT 


1194 


5.0 


- 


HYDROPHOBIC 


2 


_ AAATPATPAATPA 


nil 


6.1 


- 


HYDRCPHOSTr 




_ aatpaaaggkat 


987 


10.5 


- 


HYDROPHOBTr 


A 
4 


GKATTDEOKLLE 


1333 


5.4 


- 


HYDROPHYLIC 




KLLEDVNAGFKA 


1306 


8,0 


*(3.0) 


HYDRO PHYLir 


0 


GFKAAVAAAANA 


1062 


10.5 




..^DROPHOBIC 


/ 


AANAPPADKFKI 


1243 


10.2 


-^(5.0) 


HYDROPHYLIC 


o 
o 


KFKIFEAAFSES 


1405 


7.3 


- 


HYDROPHOBTr 


Q 


FSESSKGLLATS 


1227 


8.0 


- 


HYDROP.MYLIC 


1 n 


LATSAAKAPGLI 


1113 


10.5 


*(7.0) 


HYDROPHYLIC 


1 \ 


PGL I PKLnTAYD 


1303 


5.2 


- 


HYDROPHYLIC 


12 




1259 


5.3 


- 


HYDROPHOBIC 


13 




1223 


4.5 


+(4.0) 


HYDROPHYLIC 


14 


™v I UAr vT ALTE 


1329 


4.2 


- 


HYDROPHOBIC 


15 




1171 


8.2 




HYDROPHOBIC 


16 


lAGALEVHAVKPA 


1277 


8 . 0 




HYDROPHOBIC 


17 


avkpatehtvpaa 


1183 


4.4 




HYDROPHYLIC 


18 


VPAAKIPTGELOI 


1338 


8.0 


*(5.0) 


HYDROPHYLIC 


19 


GELOIVDKIDAA 


1272 


4.4 


+(11.0) 


HYDROPHYLIC - 


20 


IDAAFKIAATAA 


1163 


7.0 




HYDROPHOBIC 


21 


ATAANAAPTNDK 


1145 


7.0 


+(12,0) 


HYDROPHOBIC 


22 


TNDKFTVFESAF 


1407 


4.2 


-(2.0) 


HYDROPHOBIC ■ 


23 


ESAFNKALMECT 


1327 


4.4 


+(10, Oj 


HYDROPHYLIC 


24 


NECTGGAYETYK 


1336 


6.1 


+(2.8) 


HYDROPHOBIC 


25 


ETYKFIPSLEAA 


1370 


4.4 


+(3.0) 


HYDROPHOBIC 


26 


LEAAVKpAYAAT 


1236 


7.1 




HYDROPHYLIC 


27 


YAATVAA^>EVKY 


1283 


7.1 


4(2.0) 


HYDROPHOBIC 


28 


EVKYAVFEAALT 


1342 


4.4 




HYDROPHOBIC 


29 


AALTKAITAMTOA 


1292 


10.4 


* (2 .5) 


HYDROPHOBIC 
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Peptide Dot Blot Immunoassays 

*n'«Pcptidcswcredissolvedinwatcrtogivca"l.6inMstocksolu.ion 
Insoluble peptides were dissolved by sonication (Branson Sofificr 450 USA) ' 
for one minute. 

The peptides were immobilized onto nitrocellulose (NC) filter by using 
a modrfied method pubUshed elsewhere (Sithigbnglu (1991) J. Immunol 
Methods. 141:23-32). Two nl of the peptide stock solutions were spotted on 
the NC filter (Schleicher & Schuell. W. Germany) about I cm apart After 
the strips were dried and baked at 80«C for one hour, they were fixed by 
exposure, in a tightiy sealed plastic box, to vapor from 0.2% glutaraJdehyde 
m PBS at room temperature (18«C) for one hour. After washine thoroughly 
with distilled water, the NC filters were blocked -vith Blotto (10% non-fa, 
dry milk in PBS):for two hours and washed in iX Twcen-PBS (0 1% Twcen 
20 in PBS) and 2X PBS, five minutes each. 

Tht peptides were tiien screened for human IgE and mouse/rabbit IgG 
epitopes wiUi individual sera (diluted 1:4 in PBS with 0.5% BSA) MAbs 
FMC A7 (Sman et al. (1983) Int. Arch. Allergy Clin. Immunol. 72:243) and 
polyclonal rabbit anti-Lol p V (Lol p lb) antibody. 

Our of the fifty highly ryegrass pollen allergic subjects, twenty-three 
had IgE tiiat bound, to at least one peptide. Although the majority of the 
subjects showed mild to moderate IgE-reactivity. there were several shouino 
high reactivity. The dot blot analysis for IgE binding is shown in Fig. 7. 

The intensity of each dot blot was measured by densitometer' 

(Pharmacia LKB Ultra Scan XL. Sweden). Values are given in arbitrary 
densitometric units and shown in Fig. 8. Densitometric values greater than 
two were considered as positive binding in comparison to the background. 
For every positive binding in comparison to the background. For every 
peptide, tiie sera and antibody values have been added (score/peptidc) and 
divided by die number of positive sera to express the final value as an 
average (score/sera). Sera CI and C2 wctt not grass allergic and were used 
as negative controls. C refers to crude ryegrass pollen extract dug/dot) as 
positive control (see example 3). 

Sera 1. 14. 36. 42 and 48 indicated substantial affinity towards a 
selection of specific peptides (e.g. peptides 19 (SEQ ID N0:21). 34 (SEQ ID 
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15 



NO:36). and 7 (SEQ ID N0:9)). which were classified as immunodominant 
linear allergenic B<ell epitopes of Lol p V (Figures 7 and 8). 

Peptide numbers 7 (SEQ ID N0:9). 16 (SEQ ID NO: 1 8). 19 (SEQ ID 
N0:2I). 21 (SEQ ID N0:23). 23 (SEQ ID N0:25). 30 (SEQ ID N0:32) and 
34 (SEQ ID NO:36) indicated the highest human IgE-reactivity and were 
thus classified as major Unear allergenic B-ccU epitopes of Lol p V. MAb 
FMC.A7. and rabbit polyclonal anti-Lo! p lb antiserum were analyzed for 
IgG binding to the peptides. This data is shown in Fig. 7. The MAbs and 
rabbit antiserum generally showed low binding to the peptides. Peptide 
numbers 1 (SEQ ID N0:3). 7 (SEQ ID N0:9). 19 (SEQ ID N0:2 1). 23 (SEQ 
ID NO;25), 24 (SEQ ID N0:26) and 28 (SEQ ID NO:30) indicated the 
highest mouse/rabbit IgG-reactivity. 

EXAMPLE 2 

1. MATERIALS AND METHODS 



Crude Rye and Bermuda Grass Pollen Extracts 

Rye grass (Lolium perenne) and Bermuda grass (Cynodon dactylon) 

20 pollen was obtained from Greer Uboratorics (USA) as dry non-defatted 
extracts. Pollen allergens were extracted in O.OOIM NH4HCO3 (10% w/v). 
ccntrifugcd and the supematants dialysed against Phosphate buffered saline 
(PBS) overnight. The supematants were then passed through j 0.20 jim filter 
and protein concentration was deteimined using the BioRad Microassay (Bio- 

25 Rad. USA) according to the manufacturer's instructions. 

Lolp\ 

Lol p V was purified from crude rye grass pollen extracts by fiuid 
phase liquid chromatography (FPLC). Briefly, the crude r>e grass pollen 
30 extract was subjected to a buffer change from PBS to 20 mM Tris pH 1 2 
(buffer A) on an Econo-Pac lODG column (Bio-Rad. USA). This exu-act. 5 
mg, was injected onto an ion-exchange FPLC column (Mono Q HR 5/5. 
Pharmacia. Sweden), pre-equilibrated sequentially with buffer A for five 
minutes, then buffer B (20mM Tris. pH 7.0) for ten minutes and finally with 
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buffer A for a further five minutes. The column was washed with buffer A 
for ten minutes to allow for the binding of Lol p V as well as for the elution 
of other proteins with pi values equal to or higher than twelve. Elution of 
Lol p V was performed with buffer B at a constant flow rate of Iml/minute 
for fifteen minutes at room temperature. Fractions of 1ml were collected 
every minute and then analyzed by SDS-PAGE and immunoblotting. 
Fractions containing Lol p V were pooled and the protein concentration was 
determined. 



10 Lolp\ peptides 

The same Lol p V peptides were produced as described in Example 1 . 
Peptide 13 (SEQ ID NO: 15) was produced in very small amounts only and 
could not be tested in this study. 

15 Generation of allergen-reactive T cell Unes and clones 

Peripheral blood mononuclear cells (PBMC) from a healthy adult 
with a positive skin test to rye grass pollen, were isolated from hcparinised 
blood samples by centrifugation on a FicoU-Paque (Pharmacia. Sweden) 
density gradient Initially 1 x lO^/ml PBMC were stimulated with 5 jig/ml of 

20 Lol p V in a 96-well U-bottomed microliter plates (Linbro. USA). All cells 
were cultured in RPMl-1640 GCN. Australia) tissue culture medium 
supplemented with 1% w/v L-glutamine (ICN. Australia). 0.125% w/v 
gcntomicin (Delta West. Australia) and 5% v/v heat-inactivated human A+ 
serum. Cultures were performed at 3T'C in 5^^ v/v CO, atmosphere. 

25 Seven days after initiation of culture, ten units/ml of human 

recombinant IL.2 (rIL-2; Cetus. USA) was added to the wells. On day 14 the 
T cell line was expanded by transferring the cells to a 24-well tissue culture 
plate (Costar. USA) and adding 5 x lO^/ml irradiated (2000 rads) autologous 
PBMC. 2.5 ng/ml Ul p V. 10-20 units/ml rIL-2. 5-10 units/ml Lymphocult 

30 (Biotcst. Germany) and O.l^g/ml PHA (Wellcome. UK). The line was 
restimulated every 8- 10 days as described. 

T cells were then cloned by limiting dilution of the line. For this. T 
cells were seeded at 300. 30, 3. 1 and 0.3 cells/well in 96-well U-bottomcd 
microliter plates together with IxlO^/ml irradiated PBMC. 2.5 jig/ml Lol p 
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V. 20 uniis/ml rIL-2, 10 units/ml lymphocult and 0.1 ng/ml PHA. The 
clones were maintained with rIL.2 evciy four days and^ irradiated autologous 
PBMC, Lol p V. rIL-2 and Lymphocult were added every 8-10 days. 

Before use in proliferation assays the lines and clones were rested for 
7-8 days after the last addition of feeder cells, allergen and IL-2. 

ProUferation assays 

5xl05/ml T cells were cultured with 5x\(fi/ml iriadiatcd autologous 
PBMC and Lol p V (0.019-2.5 jig/ml or 0.625-20Mg/ml) or Lol p V peptides 
(1 and lOng/ml) in 96-well U-bottomrd microliter plates for 88 hours, then 
pulsed with luCi/well triiiated methyl thymidine (iH]TdR: Amersham. USA) 
for eight hours prior to harvesting onto glass-fibre filters. Control cultures 
included cells with no allergen, cells with PHA, T cells alone and irradiated 
PBMC cells alone, llie counts per minute (CPM) for each filter was 
determined using a Liquid Scintillation counter (LKB Wallace. Finland). 

Immunophenotyping 

T cells were stained by direct or indirect immunofluorescence using 
the following monoclonal antibodies: CD2. CD3.CD4. CD5. CD8. CDl lb 
20 CD16, CD19. CD25. CD45RO. CD45RA. MHC class D TcRap TcRyS. k 
light chain and X light chain. For indirect immunofluorescence. FTTC- 
conjugatcd shcep-anti-mouse Ig F(ab)2 (Silcnus. Australia) was used. Cells 
were then analyzed using a FACScan flow cytomctcr (Becton-Dickinson 
USA). 

25 

2. RESULTS 



15 



Allergen reactivity of the T cell line 

On day 34 of culture, the T cell line was tested for reactivity to rye and 
Bermuda grass pollen allergens. Over a range of concentrations there was a 
suong proliferative response to the inducing allergen Lcl p V and there was a 
lower response to crude rye grass pollen extract (Fig. 3). There was no 
response to the crude Bermuda grass pollen cxo-act. 
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Reactivity of the T cell Une and clones to Lol p V synthetic peptides 

Tht T cell line was first tested for reactivity to the Lol p V synthetic 
peptidesonday 14.butnosigaificantresponsewasdctected. However at 
day 27. a strong response to peptide 14 (SEQ ID N0:16) was observed By 
day 49. the strong reactivity to pepdde 14 (SEQ ID N0:16) was maintained 
but there was additional weaker response to peptide 25 (SEQ ID NO-27) {F.» 
4).consistcntwiththcpolyclonalnaturBoftheTccUline. Thcaminoacid " 
sequence of peptides 14 (SEQ ID N0:16) and 25 (SEQ ID NO:27) are shown 
in Table 2. 

T cell clones were generated from the T c,ll line at day 1 7. One of the 
eight T cell clones obtained, designated A i?.. ,r;owcd a strong response to 
peptide 14 (SEQ ID NO:16) only (Fig. 5). .he stimulation index of the clon. 
A12 response to peptide 14 (SEQ ID N0:16) was 137, compared with 4 8 for 
the T ceU line at day 49. correlating with selection of peptide 14-specific T 
15 cells. 

Phenotypic analysis of the T cell line 

The phenotype of die T cell line at day 47 was analyzed by flow 
cytometry using a panel of monoclonal antibodies against cell surface markers 
20 n^c Une expressed CD2. CD3. CDS. CD4. CD25. CD45RO. MHC class II 
and TcRap, consistent with the phenotype of activated mature helper T cells 



Table 2 

Amino acid sequences of die T cell reactive Lol p IX peptides 



Peotlde 


Amino Acid Sequence 


14 (SEQ ID NO: 16) 


AKYDAFVTALTE 


25 (SEQ ID NO:27) 


ETYKFIPSLEAA 
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EXAMPLE 3 

1. MATERIALS AND METHODS 

Another T ceU line was produced from the same patient described in 
5 Example 2 in accordance with the procedure discussed in Example 2. 
Proliferation assays were conducted using the Lo/ p V synthetic peptides 
described in Example 1 in accordance with the procedure discussed in 
Example 1 

10 2. RESULTS 

The T cell linc was tested for reactivity to thcLolpV synthetic 
peptides The results are shown in Fig. 6. Proliferation is given with 
background proUferation subtracted. Background proliferation (proliferation 
to medium alone) was 2500 cpm. Stimulation indexes were calculated from 

15 AeresulB shown by adding 2500 cpm to the values shown in Fig. 6 and 

dividing by 2500. Peptides 6 (SEQ ID N0:8). 7 (SEQ ID N0:9), 9 (SEQ ID 
N0:1 1). 12 (SEQ ID N0:14). 16 (SEQ ID N0:18). 19 (SEQ ID NO-21) 22 
(SEQ ID N0:24). 28 (SEQ ID NO:30). 33 (SEQ ID N0:35). and 34 (SEQ ID 
NO:36) had stimulation indexes of greater than or equal to 2.0 as shown in 

20 Fig. 6. The most reactive peptides are 19 (SEQ ID N0:2 1 ). 22 (SEQ ID 
NO:24). and 34 (SEQ ID NO:36). with respective T cell stimulation indexes 
of 2.9, 3.4 and 2.5. 



25 



EXAMPLE 4 

IgE BINDING STUDIES WITH PEPTIDE 34 USING INHIBITION 
PEPTIDE DOT BLOTS AND INHIBITION ELISA 



A. Inhibition peptide dot-blots. 

30 

Brief methodology: 

Peptides 34 (SEQ ID NO:36). 6 (SEQ ID N0:8). 24 (SEQ ID NO:26) 
and 31 (SEQ ID NO:33) (last Uiree peptides used as negative controls) as well 
as FPLC purified Lo/ p V and erode ryegrass pollen extract (designated as IX 
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and C respectively, in Fig. 9 and used as positive contiols) were immobilized 
on NC. baked and gluteialdehyde fixed as previously described. Two separate 
lots of senim (from subject Giiigis possessing peptide 34-specific IgE 
antibodies:.diluied 1:4) were prcincubated overnight at RT ( 1 8» C) either with 
50 ng crude ryegrass poUen extract per ml diluted serum (designated as 
inhibited serum on the figure) or without the crude extract (designated as 
control serum). Peptide blots were then separately incubated in the control 
and the crude extract prcincubated scrum overnight followed by '2si labelled 
anti-human IgE antibodies and exposed to X-ray film for up to 96 hrs. 

Results: 

The control serum gave strong IgE-binding to peptide 34 (SEQ ID 
NO:36) and the positive controls Lolp IX and Crude ryegrass pollen extract 
The other control peptides (e.g. alanine-rich peptide 31 (SEQ ID NO-33) and 
15 peptides 6 (SEQ ID N0:8). 24 (SEQ ID NO:26)) gave no IgE-binding. ' 

Tlie serum prcincubated witii crude ryegrass pollen extract gave a 
reduced IgE-binding to peptide 34 (SEQ ID NO:36) as well as to the positive 
controls Lo/ p V and the crude ryegrass poUen extract. 

20 Conclusions: 

These results demonstrate that this individual has peptide 34-specific 
IgE antibodies which can be inhibited by crude ryegrass pollen extract. 

B. Inhibition ELISA. 

25 

Brief methodology: 

Peptides 34 (SEQ ID NO:36). 6 (SEQ ID N0:8). 24 (SEQ ID NO-26) 
and 31 (SEQ ID NO:33) (last three peptides used as negative controls) and 
crude ryegrass pollen extract (used as positive conu-ol) were coated on 
30 microtiter plates. Serum of the individual (diluted 1:4) was prcincubated 

either wiU, or without different concentrations of crude ryegrass pollen extract 
overnight at RT. The peptidc/cnide extract coated wells were then incubated 
with the control and crude extract preincubated scrum at the different crude 
extract concentrations. Plates were washed and incubated with ami-human 
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IgE raised in rabbit foUowed by HRP-conjugatcd anti-rabbit antibodies TTic 
plates were devleoped with the peroxidase substrate 1. ^-Phenylcnediaminr 
and the colour reaction was read at 492nm. 

Results: 

As shown in Rg. 10. the control serum gave IgE-binding to peptide 34 
(SEQ ID NCW6) and crude ryegrass pollen extract The gradual increase in 
the concentration of crude extract gave a gradual decrease in IgE-binding to 
both peptide 34 (SEQ ID NO:36) and crude extract The control peptides all 
displayed a significantly lower IgE-binding and there was no significant 
correlation between the gradual decrease in IgE-binding with increasing 
inhibitor concentration. TTie biiiding shown by the control pcpUdcs is due to 
background, diat is non-specific IgE-binding to the peptides or the well due to 
assay condiuons. However, even though a slight background was observed 
with ELISA. the IgE-binding to peptide 34 (SEQ ID NO:36) and crude 
extract was higher than the control peptides. 

' Conclusions: 

As with the inhibition dot-blot results, the inhibition ELISA results 
indicates significant IgE-binding to peptide 34 (SEQ ID NO:36) in this 
individual. 



Those skilled in the art will appreciate that the invention described 
herein is susceptible to variations and modifications other tiian tiiose 
25 specifically described. It is to be understood that the invention also includes 
all such variations and modifications. The invention also includes all of the 
steps, feanires. compositions and compounds refeired to or indicated in this 
specification. individuaUy or coUectively, and any and all combinations of anj 
two or more of said steps or features. 
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15 



20 



25 



(1) GENERAL INFORMATION; 

(i) APPLICANT: 

(A) NAME: UNIVERSITY OF MELBOURNE 

(B) STREET: Grattan Street 
<C) CITY: Parkvllle 

(D) STATE: Victoria 

(E) COUNTRY: AUSTRALIA 

(F) POSTAL CODE (ZIP) : 3052 

(G) TELEPHONE; 3-613.344-4000 

(H) TELEFAX: 3-613.344-7628 

<ii) TITLE OF INVENTION: T CELL EPITOPES Or RVEGRASS POLLEN .^LE«CE« 
(iii) NUMBER OF SEOUENCESi 36 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: ASCII Text 

(V) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

30 {vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US07/866,679 

(B) FILING DATE: 09.APR-1992 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: John M. Slattery 

Davies Collison Cave 

1 Little Collins street, Melbourne 3000 
AUSTRALIA 

(B) REGISTRATION NUMBER: 

(C) REFERENCE/DOCKET NUMBER: IPC-011C3PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 613-254-2777 

(B) TELEFAX: 613-254-2770 

(2) INFORMATION FOR SEQ ID N0:1: 



35 



45 



SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1376 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 
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(11) MOLECULE TYPEi cmA 



10 



(Ix) FEATOREi 

(A) NAME/KEY: CDS 

(B) LOCATION! 42.. 942 

(ix) PEATUREt 

(A) NAME/KEY t mat oeptide 

(B) WCATION: 115.. 942 



15 



(Xl) SEQUENCE DESCRIPTION: SEQ ID N0:1: 



20 



CCCTATCCCT CCCTCGTACA AACAAACGCA AGAGCAGCA ATC GCL' GTC CAG AAG 

Mer Ala Val Gin Lys 
-25 

Thr SI? S?I 1?= ^'^ GCG GCC CCG GCC 

TVr Thr Val Ala Leu Phe Leu Ala Val Ala Leu Val Ala Gly Pro Ala 
*15 -10 _j 

Til If^^ ^ TAC ACC CCC CCA GCC GCG GCC ACC 

^5 Ala ser Tyr Ala Ala Asp Ala Gly Tyr Thr Pro Ala Ala Ma Ala Thr 

15 10 

CCG GCT ACT CCT GCT GCC ACC CCG OCT GCG GCT GGA GGG AAG err irr- 
Pro Ala Thr Pro Ala Ala Thr Pro Ala Ala All fl^ ^ ITa ?h? 
i=> 20 25 



30 



35 



40 



55 



60 



ACC GAC GAG CAG AAG CTG CTC GAG GAC GTC 
Thr Asp Glu Gin Lys Leu Leu Glu Asp Val 
30 35 

GCC GTG CCC GCC GCT GCC AAC GCC CCT CCG 
^i? Ala Ala Ala Asn Ala Pro Pro 

45 50 

TTC GAG GCC GCC TTC TCC GAG TCC TCC AAG 
Phe Glu Ala Ala Phe Ser Clu Ser Ser Lvs 
65 ^0 



AAC GCT GGC TTC AAG GCA 
Asn Ala Gly Phe Lys Ala 
40 

GCG GAC AAG TTC AAG ATC 
Ala Asp Lys Fhe Lys lie 
55 60 

GGC CTC CTC GCC ACC TCC 
Gly Leu Leu Ala Thr Ser 
75 



dS ATC CCC AAG CTC GAC ACC GCC TAC GAC 

45 Ala Ala Lys Ala Pro Gly Leu lie Pro Lys Leu Asp Thr Ala ivr Asp 

®0 85 90 

SI? '^^ ACC CCC GAG GCC AAG TAr GAC 

Val Ala Tyr L/s Ala Ala Clu Gly Ala Thr Pro Glu Ala Lys asd 

■^^ '5 100 105 



GCC TTC' GTC ACT CCC CTC ACC GAA GCG CTC CGC 
Ala Phe Val Thr Ala Leu Thr Glu Ala Leu Arg 



110 



115 



CTC GAG CTC CAC GCC GTC AAG CCC GCC ACC CAG 
Leu Glu Val His Ala Val Lys Pro Ala Thr Glu 
125 130 135 

AAG ATC CCC ACC GGT CAC CTG CAG ATC GTT GAC 
Lys He Pro Thr Gly Glu Leu Gin He Val Asp 
145 ISO 



GTC ATC GCC GGC GCC 
Val He Ala Gly Ala 
120 

GAG GTC CCT GCT GCT 
Glu Val Pro Ala kl/ 
Uo 

AAG ATC GAT GCT ' GCC 
Lys He Asp Ala Ala 



54 



102 



150 



198 



246 



294 



342 



390 



43 



/ 



/ 



/ 
485 



5>4 



532 
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s ffi S2 ss s gs J2 f 5 ;s m j,- ?sj - - - 

5 1^=» 170 

IS ?s PI 5S !ss jj? S5 S5 jj; §s ^ fg 

*" 180 

'° ^ ^ I**^ ''^C AAG TTC ATC CCC TCC CTC GAG GCC GCG 

Gly Cly Ala Tyr Clu Thr Tyr Lys Phe He Pro s« ill gK Ma Ala 

195 200 

1< SI? '^'^ ACC GTC GCC GCC GCC CCC GAG GTC AAC 

15 Val Lys Gin Ala Tyr Ala Ala Thr Val Ala Ala Al° Pro gS JJs 

210 215 220 

Sr Ala ^1 ctS ??f ??° P° ^iS^ ^TC ACC GCC ATC ACC 

lyr Ala val Pho clu Ala Ala Leu Thr Lys Ala He Thr Ala Met Thr 



30 



40 



25 245 250 

Ala Thr SI? f?f ^ GCC GCC GCT CCT GCC ACC 918 

Ala Thr Val Ala Thr Cly Ala Ala Thr Ala Ala Ala Gly Ala Ala Thr 
*»= 260 265 

Ala S5 ^ Ala -^^^^^^^ • 

270 275 

ATGTATGTGC ATCATCCGGG CGGCGAGTCG TTTTCTTCAT AATTAATCTr CGriTrCGTT 1032 

TCATGCAGCC CCGATCGAGA CGGCTTGCAT GC1TCTAATA ATTCAATATT TITCArrrCT 1092 

TTTTGAATCT GTAAATCCCC ATGACAAGTA GTGGGATCAA GTCGGCATGT ATCACCGTTC 1152 

ATGCGAGTTT AACGATGGGG AGTTTATCAA AGAATTTATT ATTAAAAAAA AAAAAAAA^^ 1212 

AAAAAAAAAA AAAAAAAGAG CACGCTATCC CTCCCTCGTA CA;^ACAA.:^CG CAAGAGQAGC 1272 



630 



678 



726 



774 



822 



S70 
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35 



40 



45 



50 



55 



60 



AATCCCCCTC CAOAAOTACA COCTGCCTCT ATirCTCCCC GTCCCCCTCC TCGCGGGCCC 
GGCCGCCTCC TACCCCGCTC ACCCITAAAC ATTCATATCA ~TCAT 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENOTHt 301. amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: protein 

(Xl) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Met Ala Val Gin Lys Tyr Thr Val Ala Leu Phe Leu Ala Val Ala Leu 

val Ala Gly Pro Ala Ala Ser Tyr Ala Ala Asp Ala Gly Tyr Thr Pro 

is 

Ala Ala Ala Ala Thr Pro Ala Thr Pro Ala Ala Thr Pro Ala Ala Ala 

15 20 
Gly Gly Lys Ala Thr Thr Asp Glu Gin Lys Leu Leu Glu Asp Val Asn 

Ala Gly Phe Lys Ala Ala Val Ala Ala Ala Ala Asn Ala Pro Pro Ala 
45 50 55 

Asp Lys Phe Lys lie Phe Glu Ala Ala Phe Ser Glu Ser Ser Lys Gly 

€5 70 
Leu Leu Ala Thr Ser Ala Ala Lys Ala Pro Gly Leu He Pro Lys Leu 

. 60 85 

Asp Thr Ala TVr Asp Val Ala ryr Lys Ala Ala Glu Gly Ala Thr Pro 
^ 95 100 

Glu Ala Lys Tyr Asp Ala Phe Val Thr Ala Leu Thr Glu Ala Leu Arg 

110 ^ 

yal He Ala Gly Ala Leu Glu Val His Ala Val Lys Pro Ala Thr Glu 

130 135 

Glu val Pro Ala Ala Lys lie Pro Thr Gly Glu Leu Gin lie val Asp 
'■^^ 145 150 

Lys lie Asp Ala Ala Phe Lys He Ala Ala Thr Ala Ala Asn Ala Ala 

160 

Pro Thr Asn Asp Lys Phe Thr Val Phe Glu Ser Ala Phe Asn Lys Ala 

175 .180 

Leu Asn Glu cys Thr Cly Gly Ala T/r Glu Thr ryr Lys Phe He Pro 
103 190 195 

ser Leu Glu Ala Ala Val Lys Gin Ala TVr Ala Ala Thr Val Ala Ala 
205 210 2i: 

Ala Pro Glu Val Lys lyr Ala Val Phe Glu Ala Ala Leu Thr Lys Ala 



1332 
1376 
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lie Thr Ala M« Thr Gin Ala Gin Lyg Ala Cly Lys Pro Ala Ala Ala 

Ala Ala Thr Cly Ala Ala Thr Val Ala Thr Cly Ala Ala Thr Ala Ala 

255 260 
Ala Gly Ala Ala Thr Ala Ala Ala Cly cly Tyr Lys Ala 

(2) INFORMATION FOR SEQ ID NO: 3: 



|, SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(V) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
Ala Asp Ala Gly Tyr Thr Pro Ala Ala Ala Ala Thr 

(2) INFORMATION FOR SEQ ID NO: 4: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino aci::3 
,5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

^ iv) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
Ala Ala Ala Thr Pro Ala Thr Pro Ala Ala Thr Pro Ala 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



55 (ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
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Ala Ala Thr Pro Ala Ala Ala Gly Cly Lys Ala Thr 

^ . : 5 10 

(2) INFORMATION FOR SEQ ID NO:€i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: X2 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE T^PE: peptide 

(V) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: StQ ID NO: 6: 
Gly Lys Ala Thr Thr Asp Glu Gin Lys Lou Leu Glu 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Lys Leu Leu Glu Asp Val Asn Ala Gly Phe Lys Ala 
^ 5 -10 

(2) INFORMATION FOR SEQ ID NO: 8: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Gly Phe Lys Ala Ala Val Ala Ala Ala Ala Asn Ala 
^ 5 10 

(2) INFORMATION FOR SEQ ID NO: 9: 



(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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Hi) MOLECULE TYPE: peptide 
(V) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Ala Ala Asn Ala Pro Pro Ala Asp Lys Phe Lys lie 
5 10 
(2) INFORMATION FOR SEQ ID NO: 10: 

<i» S.EQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: incernal 

ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Lys Phe Lys lie Phe Glu Ala Ala Phe ser Glu Ser 
5 10 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
33 tD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(v) FRAGMENT TYPE: internal 



tXi) SEQUENCE DESCRIPTION; SEQ ID NO:U: 
Phe Ser Glu Ser Ser Lys Gly Leu Leu Ala Thr Ser 

(2) INFORMATION FOR SEQ ID NO: 12: 



(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
Leu Ala Thr Ser Ala Ala Lys Ala Pro Gly Leu lie 
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(2) INFORMATION FOR SEQ ID NO: 13: 

5 (1» SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: popcido 

(V) FRAGMENT TYPE: internal 

(Xi) SEOtJENCE DESCRIPTION: SEQ ID N0:a3: 

Pro Gly Leu lie Pro Lys Leu Asn Thr Ala Tyr Asn 
^ 5 10 

(2) INFORMATION FOR SEQ ID NO: 14: 



15 



20 
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30 
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(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Thr Ala Tyr Asp Val Ala Tyr Lys Ala Ala 0\u Gly 
I 5 10 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Ala Ala Glu Gly Ala Thr Pro Glu Ala Lys Tyr Asp 
is 10 

55 (2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHAR^.CTERISTICS : 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
60 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(V) FRAGMEOT TYPE: internal 
ixii SEQUENCE DESCRIPTION: SEQ ID N0:16f 
Ala Lys Tyr Asp Ala Phe Val Thr Ala Leu Thr clu 

(2) INFORMATION FOR SEQ ID NO :17s 

(i> SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 12 amino acids 
(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMEOT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:17: 
Ala Leu Thr Glu Gly Leu Arg Val He Ala Gly Ala 
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(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



40 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

lie Ala Gly Ala Leu Glu Val His Ala Val Lys Pro Ala 
i 5 10 

45 (2) INFORMATION FOR SEQ ID NO: 19: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 

IXi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Ala Val Lys Pro Ala Thr Glu Glu Val Pro Ala Ala 
1 5 10 

(2; INTORMATION FOR SEQ ID NO: 20: 
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(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 
yal Pro Ala Ala Lys lie Pro Thr Gly Glu Leu Gin lie 

(2) INFORMATION FOR SEQ ID N0:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



Ui) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Gly Glu Leu Gin He Val Asp Lys He Asp Ala Ala 
^5 10 

35 (2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

lie Asp Ala Ala Phe Lys He Ala Ala Thr Ala Ala 
i 5 10 

f2l irn^ORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 
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tXi. SEQUENCE DESCRIPTION: SEQ ID NO: 23^ 
Ala Thr Ala Ala Asn Ala Ala Pro Thr Asn Asp Lys 

(2) INFORMATION FOR SEO ID NOi24i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 12 amino acids 
<B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
Thr Asn Asp Lys Phe Thr Val Phe Glu Ser Ala Phe 

25 (2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 
<B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Glu Ala ser Phe Asn Lys Ala Leu Asn Glu Cys Thr 
4f) 5 10 

(2) INFORMATION FOR SEQ ID NO: 26: 
(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



50 



(ii) MOLECULE TYPE: peptide 
(V) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Asn Glu Cys Thr Gly Gly Ala Tyr Glu Thr T-yr Lys 
1 5 iG 

^ (2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 
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(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

<v) FRAGMENT TYPE: internal 



10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Glu Thr Tyr Lys Phe He Pro Ser Leu Giu Ala Ala 
1 5 10 

15 (2) INFORMATION FOR SEQ ID NO: 28; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 

Leu Glu Ala Ala Val Lys Gin Ala Tyr Ala Ala Thr 
^5 10 



20 
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(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 
<B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

Tyr Ala Ala Thr Val Ala Ala Pro Glu Val Lys Tyr 

Is 10 

(2) INFORMATION FOR SEQ ID N0:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

lii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



<Xil SEQUENCE DESCRIPTION: SEQ ID NO: 30: 
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Glu Val Lys Tyr Ala Val Phe Glu Ala Ala Leu Thr 
^ 5 10 _ 

5 (2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
10 (D) TOPOLOGY: linear 



15 



20 



35 



40 



45 



50 



(ii) MOLECULE TYPE: peptide 

<v) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

Ala Ala Leu Thr Lys Ala He Thr Ala Met Thr Gin Ala 
15 10 

(2) INFORMATION FOR SEQ ID NO: 32: 



(i) SEQUENCE CHARACTERISTICS: 
^. (A) LENGTH: 12 amino acids 

25 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

30 (V) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

Ala Met Thr Gin Ala Gin Lys Ala Gly Lys Pro Ala 
15 10 

(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 



Gly Lys Pro Ala Ala Ala Ala Ala Thr Ala Ala Ala 
55 1 5 10 

(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TVPE: peptld© 

(V) FRAGMENT TYPE: internal 

(Xi) SEOUENCE DESCRIPTION: SEQ ID NO!34: 

Thr Ala Ala Ala Thr Val Ala Thr Ala Ala Ala Thr 
5 10 
(2) INFORMATION FOR SEQ ID NO:35: 

CHARACTERISTICS: 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 

Ala Ala Ala Thr Ala Ala Ala Gly Ala Ala Thr Ala 
5 10 
(2) INFORMATION FOR SEQ ID NO: 36: - 

(i) SEQUENCE CHARACTERISTICS- 

In! ^2 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 
^3 Gly Ala Ala Thr Ala Ala Ala Gly Gly Tyr Lys Ala 



10 
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What is claimed is: 

5 1. An isolated peptide of Lo/ p V or a homologue thereof wherein said 
peptide comprises an amino acid sequence selected from the group consisting 
of amino acid sequences as shown in Fig. 2 of peptides 1 (SEQ ID N0:3). 6 
(SEQ ID N0:8), 7 (SEQ ID NO:9). 14 (SEQ ID NO: 16). 16 (SEQ ID 
N0:18). 19 (SEQ ID N0:21). 21 (SEQ ID NO:23), 22 (SEQ ID NO:24), 23 

10 (SEQ ID NO:25), 24 (SEQ ID NO;26). 25 (SEQ ID NO:27), 28 (SEQ ID 
NO:30), 30 (SEQ ID NO:32), 33 (SEQ ID NO:35) and 34 (SEQ ID NO:36). 

2. An isolated peptide of claim 1 wherein said peptide comprises at least 
one T cell epitope of Lol p V, said peptide comprising an amino acid sequence 

15 selected from the group consisting of the amino acid sequences as shown in 
Fig. 2 of peptides 6 (SEQ ID N0:8), 7 (SEQ ID N0:9). 12 (SEQ ID NO: 14), 
14 (SEQ ID NO:16), 16 (SEQ ID NO:18). 19 (SEQ ID N0:21). 22 (SEQ ID 
N0:24), 25 (SEQ ID NO:27), 28 (SEQ ID NO:30). 33 (SEQ ID NO:35) and 
34 (SEQ ID NO:36). 

20 

3. An isolated peptide of claim 1 wherein* said peptide comprising at least 
one B cell epitope of Lol p V. said peptide comprising an amino acid sequence 
selected from the group consisting of amino acid sequences as shown in Fig. 2 
of peptides 1 (SEQ ID N0:3), 7 (SEQ ID N0:9), 16 (SEQ ID NO: 18), 19 

25 (SEQ ID N0:21), 21 (SEQID NO:23). 23 (SEQ ID NO:25). 24 (SEQ ID 
NO:26). 28 (SEQ ID NO:30), 30 (SEQ ID NO:32) and 34 (SEQ ID NO:36). 

4. A portion of an isolated peptide of claim 2 which has a T cell 
stimulation index of at least 2.0. 

30 

5. A portion of an isolated peptide of claim 2 which has a T cell 
stimulation index approximately equivalent to or greater than tiie T cell 
stimulation index of said peptide as shown in Figs. 4 or 6. 
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6. An isolated peptide of claim 2 which, -vhen administered to an 
individual sensitive to Lolp V aUergen. induces TccU ancrgy in the 
individual or modifies the lymphokine secretion profile of T cells in the 
individual. 

5 

7. An isoUted peptide of claim 2 which does not bind 
immunoglobulin E specific for Lo/p V in a substantial perccnuge of 
individuals sensitive to Lol p V, or if binding of the peptide or portion 
thereof to said immunoglobulin E occurs, such binding docs not result in 

10 release of mediators from mast cells or basophik in a substantial 
percentage of individuals sensitive xoLolpW. 

8. An isolated peptide of claim 2 which binds immunoglobulin E to a 
substantiaUy lesser extent than purified native LolpV binds 

15 immunoglobulin E. 

9. An isolated nucleic acid sequence having a sequence encoding a 
peptide of claim 1. 

20 10. A functional equivalent of a nucleic acid sequence encoding a 
peptide of claim 1. 

11. An isolated peptide which is immunologically cross-reacrive with 
T cells reactive with a peptide of claim 2. 

25 

12. An isolated peptide of Lol p V or a homologue thereof wherein 
said peptide has a T cell stimuiation index of at least about 2.2. 

13. An isolated peptide of claim 12 wherein said Tcell stimulation 
30 index is at least about 3.0. 

14. A modified peptide of claim 1. 

15. A modified peptide of claim 2. 



wo 94/04564 PCr/AU93/00415 

-51- 



1 6. A modified peptide of claim 15 which docs not biiid 
immunoglobulin E specific for Lot p Vino, substantia] percentage of 
individuals sensitive to Lol p K or if binding of the peptide to said 

5 immunoglobulin E occurs, such binding does not result in release of 
mediators from mast cells or basophils in a substantia] percentage of 
individuals sensitive to Lol p V, 

17. A modified peptide of claim 14 which modifies, in an individual 
10 sensitive xoLolpV \o whom it is administered, the allergic response of 

the individual to a Lol p V allergen. 

18. A monoclonal antibody specifically reactive with a peptide of 
claim 1. 

15 

19. An isolated peptide produced in a host cell transformed with the 
nucleic acid of claim 9., 

20. An isolated peptide produced in a host cell transformed with the 
20 nucleic acid of claim 10. 

21. An expression vector comprising a nucleic acid sequence coding 
for a peptide of claim 1. 

25 22. An expression vector comprising tiie functional equivalent of a 
sequence coding for a peptide of claim 1. 

23. A therapeutic composition comprising at least one isolated 
peptide of claim 2 and a pharmaceutically acceptable carrier or diluent 

30 

24. A therapeutic composition comprising at least one isolated 
peptide of claim 15 and a pharmaceutically acceptable carrier or diluent. 
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25. Hie use of a composition according to daim 23 or 24 for the manufacture of 
a medicament for treating sensitivity to Lo^ p V aUergen or an allergen v*ich is 
immunologically cross reactive with Lol p V allergen in an individual. 

26. A method for treating sensitivity vaUApV aUergen or an allergen which is 
immunologically cross reactive with Lol p V allergen in an individual comprising 
administering to said individual a therapeutically effective amount of a composition 
of claim 23 or 24. 

27. A method of detecting sensitivity to Lcrf p V in an individual, comprising 
combining a blood sample obtained from the individual with at least one peptide of 
claim 1, under conditions appropriate for bindmg of blood components with the 
peptide, and determining the extent to which such binding occure'as indicative of 
sensitivity in the individual to ryegrass pollen. 

28. A method of daim 27 wherein the extent to which binding occurs is 
detennined by assessing B cell function, T cell function, T cell proliferation or a 
combination of T cell function and B cell proliferation. 

29. A use of at least two compositions according to daim 23 or 24 for the 
manufacture of a medicament for treating sensitivity to LolpV allergen which is 
immunologically aoss reactive with lyegrass poUen allergen in an individual. 



25 30. A method for treating sensitivity to Lo/pV allergen or an allergen which is 
immunologically cross reactive with lyegrass pollen allergen in an individual 
comprising administering simUtaneously or sequentially to said individual a 
therapeutically effective amount of at least two compositions of daim 23 or 24. 

30 
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31. A therapeutic compositioii comprising a pharmaceutically acceptable carrier 
or diluent and at least two Lo/ p V peptides, selected from the group consisting of 
peptides. 6 (SEQ ID NO:8X 7 (SEQ ID NO:9), 12 (SEQ ID NO:14), 14 (SEQ ID 
NO:16). 16 (SEQ ID NO:18), 19 (SEQ ID NOai), 22 (SEQ ID NO:24), 25 (SEQ 
ID NO:27). 28 (SEQ ID NO:30). 33 (SEQ ID N035) and 34 (SEQ ID n'o:36) and 
wherein said comprMition comprises a sufficient percentage of the T cell epitopes of 
Lol pV such tiiat upon administration of the composition to an individual sensitive 
to Lot pV,T cells of tfie individual are tolerized to Lot pW. 
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32. A composition of claim 23 comprising a combination of peptides selected 
from the group consisting of: 

14 (SEQ ID NO:16) and 22 (SEQ ID NO:24); 
14 (SEQ ID NO:16) and 25 (SEQ ID NO:27): v 
5 19 (SEQ ID N0:21) and 22 (SEQ ID N024); 
19 (SEQ ID N0:21) and 25 (SEQ ID NO:27); 
14 (SEQ ID NO:16). 22 (SEQ ID NO:24), and 25 (SEQ ID NO:27); 
19 (SEQ ID NO:21), 22 (SEQ ID NO:24), and 25 (SEQ ID NO:27); 
14 (SEQ ID NO:16), 22 (SEQ ID NO:24), 25 (SEQ ID NO:27), and 34 (SEQ ID 
10 NO:36); 

19 (SEQ ID NO:21). 22 (SEQ ID NO:24). 25 (SEQ ID NO:27), and 34 (SEQ ID 
NO:36); 

14 (SEQ ID NO:16), 19 (SEQ ID NO:2l), 22 (SEQ ID NO:24), and 25 (SEQ ID 
NO:27); 

15 14 (SEQ ID NO:16), 19 (SEQ ID NO:21), 22 (SEQ ID NO:24), 25 (SEQ ID NO:27). 
and 34 (SEQ ID NO:36); 

6 (SEQ ID NO:8). 7 (SEQ ID NO:9). 9 (SEQ ID NO.ll), 12 (SEQ ED NO:14), 14 
(SEQ ID NO:16), 16 (SEQ ID NO:18), 19 (SEQ ID NO:21), 22 (SEQ ID NO:24). 
25 (SEQ ID NO:27), 33 (SEQ ID NO:35), and 34 (SEQ ID NO:36); 
20 6 (SEQ ID N0:8), 9 (SEQ ID N0:11), 16 (SEQ ID NO:18). 19 (SEQ ID NO:21), 
22 (SEQ ID NO:24), and 34 (SEQ ID NO:36); and 

6 (SEQ ID NO:8), 9 (SEQ ID NO:ll). 14 (SEQ ID NO:16). 16 (SEQ ID NO:18). 
19 (SEQ ID NO:21X 22 (SEQ ID NO:24), 25 (SEQ ID NO:27), and 34 (SEQ ID 
NO:36). 

25 

33. A use of a composition of claim 31 or 32 for the manufacture of a 
medicament for treating sensitivity to Ld pV allergen or an allergen -vhich is 
immunologically cross reactive with Lot pV allergen in an individual comprising 
administering to said individual. 

30 

34. A metiiod for treating sensitivity to Lcrfp V allergen or an allergen which is 
immunologically cross reactive with Lol pV allergen in 
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PEPTIDE 


PEPTIDE SEQUENCE 


NO. 


N-TERMINUS / C-TERAAINUS 


1 


AnXOYTPAXAXT 


2 


AAXTPATPAATPA 


3 


AXTPAAAOOKXT 


4 


OUkTTDEQKLLB 


. 5 


KLLEDVNJIGFKX 


6 


GFKAAVAXXAKX 


7 


AAIUVPPADKFKI 


8 


KFKZFBAAFSES 


9 


FSESSKOLLXTS 


10 


ZATSAAKAPOLZ 


11 


POLZPKUITAYD 


12 


TAYXTVAYKJULEQ 


13 


AAEGATPEAKn) 


14 


AKYSAFVTALTE 


15 


ALTEOLRVIAOA 


16 


ZAGALSVBAVKPA 


17 


AVKPATEEVPAA 


18 


VPAAKIPTGELQZ 


19 


GELQZVDKZDAA 


20 


ZDAAFKIAATAA 


21 


ATAAKAAPTUDK 


22 


TNDKFTVF&SAF 


23 


BASFNRALNECT 


24 


NECTGOAYETYK 


25 


ETYKFZPSLEAA 


26 


LBAAVKQAYAAT 


27 


YAATVAXPEVKY 


28 


EVKYAVTEAALT 


29 


AALTKAZTAHTQA 


30 


AHTQAQKAGKPA 


31 


GKPAAAAATAAA 


32 


TAAATVATAAAT 


33 


AAATAAAGAATA 


34 


GAATAAAGGYKA 


Fig. 2 
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CPM (3H-THYAAID1NE) 



j SUBSTITUTE SHEET I 



Il/ll 



Peptide No. Serum 




40 60 80 100 

INHIBITOR CONCENTRATION (ug) 



Fig. 10 
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